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EXPERIMENTAL PRESSURE DISTRIBUTIONS FOR A 
FAMILY O F  BLUNT BODIES AT MACH NUMBERS FROM 2.49 TO 4.63 
AND ANGLES O F  ATTACK FROM Oo TO 15O 
By Robert L. Stallings, Jr., and Dorothy T. Howell 
Langley Research Center 
SUMMARY 
Pressu re  distributions were experimentally determined for a family of blunt bodies 
at Mach numbers f rom 2.49 to  4.63 and angles of attack from Oo to  15O. The family con- 
sisted of bodies of revolution having variable nose and shoulder radii  and cylindrical 
afterbodies 7.5 inches (191 mm) in diameter. The model geometry ranged from a hemi- 
sphere cylinder to a flat-face cylinder. 
For all angles of attack, the Mach number effect on the nondimensional pressure  
distributions decreased with increasing Mach number and nose bluntness. 
distributions of this investigation at Mach number 4.63 and an  angle of attack of 0' were in 
good agreement with previously published resu l t s  for a limited number of models at Mach 
number 10. 
empirically derived equation for the test range of model geometry, Mach number, and 
angle of attack. 
The pressure  
Circumferential p ressure  distributions were in good agreement with an 
A comprehensive presentation of the data in tabular and figure form is included for 
sufficiently small  intervals of nose and shoulder radii  to enable pressure  distributions to 
be determined - either directly o r  by interpolation - fo r  any body of the general shape 
described . 
INTRODUCTION 
The use of blunt shapes for  low ballistic coefficient reentry bodies and for reducing 
the convective aerodynamic heating has been common practice during the past decade. 
A blunt nose shape that has  received considerable attention in the past  and that has been 
used on numerous reentry configurations (for example, Mercury, Gemini, Apollo, and 
Fire) consists of a hemispherical segment nose with a shoulder region having a circular 
crpss section. An extensive amount of experimental p re s su re  data and approximate 
theories for  predicting pressure distributions for bodies of this type at zero angle of 
attack exist in the l i terature.  (For example, see refs. 1 to  9.) For the case of angles of 
attack, however, complete experimental p ressure  distributions for  such bodies are lim- 
ited and generally have been restr ic ted to  specific configurations. (See refs. 10 to 14.) 
In order  to provide this  needed information, a n  experimental investigation has  been con- 
ducted at the Langley Research Center in order  to define detailed surface p re s su re  dis- 
tributions for such a family of blunt bodies. A discussion of the resu l t s  f rom this  inves- 
tigation at zero angle of attack is reported in reference 1 and will therefore be omitted 
herein except where required to support the discussion of the data for angles of attack. 
A complete tabulation of the experimental data for zero  angle of attack which was not 
presented in reference 1 is included herein together with the resu l t s  obtained at angles of 
attack. 
All the bodies, which were 7.5 inches (191 mm) in diameter,  had cylindrical after- 
bodies 4 inches (102 mm) long. The shape of the bodies ranged from a hemisphere 
cylinder to a flat-face cylinder at intervals of nose and shoulder radii  sufficiently small  
to enable the resu l t s  f rom this  investigation to  be applied - either directly o r  by inter- 
polation - to any shape of the general  composite type. 
a range of Mach numbers from 2.49 to 4.63 and angles of attack from 0' to 15'. 
















surface pressure  
local pressure  on leeward ray  
local pressure  on windward ray 
local pressure  at s/d = 0 at a! = Oo 
shoulder (corner) radius 
nose radius 
surface length measured from axis of symmetry on model face (see fig. 1) 
1 
S1 surface length to point of tangency of nose and shoulder a r c s  (see fig. 1) 
52 surface length to  shoulder-afterbody juncture (see fig. 1) 
T temperature 
a! angle of attack 
@ meridian angle (see fig. 1) 
Subscripts : 
ca f ree  -stream conditions 
t f ree-s t ream stagnation conditions 
t ,2 stagnation conditions behind normal shock of f ree-s t ream Mach number 
APPARATUS AND TEST CONDITIONS 
The investigation w a s  conducted in the high Mach number tes t  section of the Langley 
Unitary Plan wind tunnel described in reference 15. This variable-pressure continuous- 
flow tunnel has an asymmetric sliding-block nozzle that permits  a continuous variation in 
the test-section Mach number from 2.30 to 4.63. 
entire 4- by 4-fOOt (1.22- by 1.22-meter) tes t  section for the tes t  Mach numbers a r e  as 
followd: 
The deviation in Mach number in the 
M , = 2 . 4 9 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.018 
M , = 4 . 0 6 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.061 
M, = 4.63 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.045 
The effects of nonuniform Mach number at a =  0' were minimized in this inves- 
tigation by testing all models at essentially the same location in the tes t  section. 
effect of flow angularity associated with this nonuniform Mach number was further mini- 
mized by an adjustment of the models for each tes t  point relative to  the free-stream 
velocity vector. This s tep was accomplished by monitoring pressure  differentials from 
the stagnation point to or i f ice  locations equidistant and diametrically opposite the stagna- 
tion point and adjusting the model in both angle of attack and angle of yaw until these 
pressure  differences are equalized. 
The 
3 
The pressure  measurements were obtained for the model at nominal angles of attack 
of Oo, 5O, loo, and 15O. 
be r s  were as follows: 
The free-s t ream stagnation temperatures at the test Mach num- 
I 7 
4.63 353 
The test  Reynolds number, based on afterbody diameter,  was the same for all Mach num- 
be r s  and equal to 1.88 X lo6.  
MODELS, INSTRUMENTATION, AND ACCURACY 
The general shape of the axisymmetrical models (see fig. 1) consisted of a hemi- 
spherical segment nose (of radius rn) faired into a circular-arc  shoulder (of radius 
which faired into a cylindrical afterbody (of diameter A total of 18 models were 
tested and they had geometries ranging from a flat-face cylinder (2 = 0; 5 = 00 to  a 
hemisphere cylinder (2 = 0.5. 2 = 0.5). Values of rc/d and rn/d for  each model a r e  
shown in the table presented in figure 1. Also included in this table a r e  values of sl/d 
and s2/d, where si  is the value of s at the point of tangency of the nose and shoulder 
a r c s  and s2 is the value of s at the shoulder-afterbody juncture. The afterbody for 
all models consisted of a cylindrical section 4 inches (102 mm) long and 7.5 inches 
(191 mm) in diameter. The model instrumentation consisted of approximately 80 pres-  
sure  orifices of 0.050-inch (1.27-mm) inside diameter. Locations of these pressure 
orifices for a typical model a r e  shown in the sketch in figure 1. Photographs of each 
model tested a r e  shown in figure 2,  and a typical model installation in the tes t  section is 





' d  
In the forward stagnation region of blunt bodies at Q = Oo, the pressure  magni- 
tudes a r e  generally very large; however, the pressure  gradients can be very small. 
a combination makes it extremely difficult t o  measure the magnitude of the pressure 
decrease with surface length within this region with an absolute-pressure gage to the 
precision required for accurately determining local velocity gradients. 
was minimized in this investigation by using a sensitive differential-pressure gage full- 
scale  deflection of 1 psi  (6895 N/m2)) to  measure the pressure  differential from the fo r -  
ward stagnation point to  a select number of locations. 










The magnitudes of the pressures  
4 
stagnation-point pressure  which was measured with a precision mercury manometer. 
The pressures  at all remaining locations were measured with an absolute transducer 
having a full-scale deflection of 10 psi  (68 950 N/m2). 
68 950-N/m2) transducers were used in  conjunction with a multichannel scanning system 
so that only a total of four t ransducers  were required. 
transducer was recorded with a digital self-balancing potentiometer. 
Both the 1- and 10-psi (6895- and 
The output from each electrical  
The tunnel f ree-s t ream static and total p re s su res  were measured with precision 
mercury manometers. 
0.5 psf (23.94 N/m2); therefore, the accuracy of the pressure  measuring system is lim- 
ited to that of the electrical  transducers.  The accuracy of the electrical  transducers is 
within 1 percent of full-scale deflection, which corresponds to a pressure increment of 
1.44 and 14.4 psf (69 and 690 N/m2) for  the 1- and 10-psi (6895- and 68 950-N/m2) 
gages, respectively. 
The accuracy of the precision mercury manometers is within 
RESULTS AND DISCUSSION 
Tabular listings of pressure  measurements for  all models a t  Mach numbers 2.49, 
4.06, and 4.63 a r e  presented in tables I, 11, and 111, respectively, for the tes t  range of angle 
of attack. 
Longitudinal P res su re  Distributions 
Pressure  distributions in the vertical  plane of symmetry a r e  presented in figure 4 
For simplicity, 
for all models at angles of attack from Oo to 15O and M, = 4.63. 
s u r e s  have been nondimensionalized by the free-s t ream pitot pressure.  
only positive values of a! a r e  indicated in the key of figure 4; however, the pressures  
shown at @ = 180° were actually obtained at @ = Oo and negative angles of attack. The 
resul ts  for negative angles of attack a r e  presented since only a limited number of pres-  
su re  orifices were located along the ray  at @ = 180°. Also, there are certain locations 
on each model that p re s su res  are not presented for 
pressures  were measured with a l -psi  transducer,  and in order  to protect these trans- 
ducers  f rom overpressurization, they were not used for a! > 0'. 
The measured pres-  
a! > 0'. For these locations, the 
In general, the effect of angle of attack on the measured pressure  distributions 
shown in figure 4 is as would be expected. This effect with increasing angle of attack 
consists of an increase in  the magnitudes of the pressures  on the windward side of the 
model (@ = 180O) and a corresponding decrease on the leeward side ($ = Oo). 
The results shown in figure 4 at a =  15' are replotted in  figure 5 to show more 
clearly the effect of model geometry on the pressure  distributions. These resul ts  are 
5 
presented with shoulder radius as the varying parameter  for a constant value of nose 
radius. The model geometry symbol notation corresponds t o  the same values of rc/d 
for  all par t s  of figure 5.  
extrapolations extending from the subsonic pressure  measurements at the last instrumen- 
tation station to a pressure  corresponding to sonic velocity at s/s2 = 1. For each value 
of rn/d the pressure  distributions for all values of rc/d are bounded by the pressure  
distributions obtained on the hemispherical model (rc/d = 0.5) and the spherical  cap model 
(rc/d = 0). With decreasing values of rn/d, the pressure  distribution of the spherical  
cap  models approach those of the hemispherical model, and thus the overall extent of the 
corner-radius effect is reduced. This trend is more apparent on the leeward side of the 
models (@ = Oo) than on the windward side (@ = 180O). 
The dashed curves shown for these models with rc/d = 0 are 
The effect of Mach number on the pressure  distributions of selected models repre-  
senting the full  range of geometrical variables is shown in figure 6 fo r  an  angle of attack 
of Oo. The local measured pressures  have been normalized by the measured value at 
s/d = 0 for two reasons: (1) to make them directly comparable with normalized pressurc 
distributions for M, = 10 from reference 2 and (2) to eliminate e r r o r s  associated with 
using a computed value of (Pt,2), which is significantly affected by the possible Mach 
number variations discussed previously. A comparison of the pressure  distributions for  
the Mach number range shown in figure 6 clearly indicates that the Mach number effect 
at a! = 0' rapidly diminishes with increasing nose bluntness (decreasing rc/d) and 
Mach number. The pressure  distributions of the present investigation at M = 4.63 are 
approximately the same as those shown for M, = 10 from reference 2. 
The effect of Mach number on pressure  distributions for  a!= 15' is shown in 
a > 0' because of the limited instrumentation at this COI 
figure 7 for the Mach number range of this  investigation. A pitot p ressure  was not 
measured on most models for 
dition. In order  to minimize the e r r o r s  associated with using a computed value of p 
as discussed in the preceding paragraph, the rat io  pL/pt,2 was multiplied by the ratio 
(pt, 2/p,ax)cu,00; the latter rat io  effectively accounts fo r  longitudinal Mach number gra- 
dient in the tunnel. In general, increasing Mach number resul ts  in a decrease in the 
magnitude of the pressure  distributions; this trend is the same as that shown for a =  0'. 
As would be expected, the Mach number effects on the pressure  distributions of the 
hemispherical model relative to the respective stagnation points are very s imilar  to the 
resul ts  shown at a!= 0' relative to s/d = 0. For the remaining models, the extent of 
the Mach number effect is different for  the windward and leeward sides. On the windwarc 
side of the models, the Mach number effect decreases  very rapidly with decreasing shoul- 
de r  radius for all values of rn/d. This same trend is shown on the leeward s ides  for 




Y rn/d = 00 and 1.933. For smaller  values of rn/d, the Mach number effect on the lee- 
6 
shown for M, = 4.63 of this  investigation for  a! > Oo are believed also to be applicable 
at higher Mach number flow for the following reasons: 
effect as shown in figure 7 occurs  for the hemispherical model and (2) the pressure  dis-  
tributions on the hemispherical model at a! > Oo are very s imilar  to resul ts  obtained at 
CY= 0' as discussed previously. The pressure  distributions at a!= Oo are essentially 
the same as the pressure  distribution obtained at M, = 10 (ref. 2). 
(1) the maximum Mach number 
Circumferential Pressure Distributions 
Circumferential p ressure  distributions are shown in figure 8 for a selected num- 
ber of models representing the range of geometrical variables at a location 3 inches 
(76.2 mm) from the geometric stagnation point and at an angle of attack of 15'. Results 
were not obtained for  model 1 at this  location for a! > 0'. Analytical distributions are 
also shown in figure 8 from the following empirical  equation based on the experimental 
data: 
pz w - L Pl L (0.072 cos2@ - 0.5 cos @ + 0.428) + A pz L
- pt, 2 = ( pt,2 4 , 2 )  Pt, 2 
where p l,w and plYL a r e  the measured windward ( @  = 180') and leeward (@ = Oo) 
pressures ,  respectively, at a given value of s/d. The analytical distributions are in 
excellent agreement with the experimental data for the complete range of geometrical 
variables shown. The analytical distributions are also in excellent agreement with the 
measured distributions for  the test range of angle of attack as shown in figure 9 and for 
the test range of Mach number as shown in figure 10. 
SUMMARY O F  RESULTS 
Pres su re  distributions were experimentally determined for a family of blunt bodies 
at Mach numbers from 2.49 to 4.63 and angles of attack from 0' to 15'. The family con- 
sisted of bodies of revolution having variable nose and shoulder radii  and cylindrical 
afterbodies 7.5 inches (191 mm) in diameter.  The model geometry ranged from a hemi- 
sphere cylinder to a flat-face cylinder. The resul ts  are summarized as follows: 
1. At an angle of attack of Oo, the Mach number effect on the nondimensional mea- 
sured pressure  distributions decreased with increasing Mach number and nose bluntness, 
The nondimensional pressure  distributions at a free-s t ream Mach number of 4.63 of this  
investigation were in good agreement with previously published resul ts  for a limited 
number of models at Mach numbers up to 10. 
2. At an angle of attack of 15O, the trend of the variation of the nondimensional 
pressure  distributions with nose bluntness and Mach number was  similar to that shown 
7 
at an angle of attack of Oo. The resu l t s  should therefore be applicable for Mach numbers 
grea te r  than the maximum Mach number (4.63) of this investigation. 
3. Circumferential p ressure  distributions were in good agreement with an empiri-  
cally derived equation for the test range of model geometry, Mach number, and angle of 
attack. 
4. A comprehensive presentation of the data in tabular and figure form is included 
for  sufficiently small  intervals of nose and shoulder radii  to enable pressure  distributions 
to be determined - either directly o r  by interpolation - for any body of the general  shape 
described. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., May 26, 1969, 
124-07-17-02-23. 
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T A B L E  1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  AT Ma = 2 . 4 9  
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.9621 I 









. r 596 
.9933 
.9817 










- 3 2 4 3  
.2347 
.1716 
. I 1 7 3  
.0795  
.0618 












. O S 3 2  
.OS70 





. e999  
. a205  
2 2 3 5  
.6176 
. a419  
.5962 
.3365  


























































































































' M e a s u r e d  by  1 - p s i  ( 6 8 9 5 - N l m  2 1 g a g e .  
15 
T A B L E  I.- T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  A T  M, = 2 . 4 9  - C o n t i n u e d  











8 *  
9 
I O *  
11 
1 2 *  
1 3  
14' 
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
224 
2 3 *  
2 4  
25 
26  
2 7 t  




3 2 1  
33* 
3 4  
35 
36 









4 6 t  
4 7 1  
481 
49* 
5 0  
5 1 1  
5 2 t  
5 3  
5 4  
55  
5 6 1  
5 7  
5 8 1  
598  
6Ot 
6 l t  
62f  












































1 3 5  


































. I067  






















. l o b 7  
. I 3 3 3  












- 0 5 3 3  
.os00 
. l o 6 7  
. 1 3 3 3  











. l o b 7  
. I 3 3 3  





. I 3 3 3  
.2667 
-4000  














. I 6 9 9  
































. a 2 5 0  
.0529 



















- 9 1 7 4  

















































































































. a654  
.a427 












. 0341  
. e 9 5 1  
. 9 9 6 1  
. 9 9 7 3  
.9973 
, 9 1 1 5  
8976 
, 9 9 3 6  
9936 
9898 
8 7 2 4  



































































. e 4 5 9  
.782? 
16 
T A B L E  1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT Ma = 2 . 4 9  - C o n t i n u e d  


























2 5  
26  
27  








3 6  
37 
38 












5 1 *  
52 





5 8  
5 9  
60' 






6 7  
6 8 1  
6 9 8  
70  
7 1  
























4 5  
45 
45 
9 0  
90 
90  















































. l o b 1  
.1333 
.1600 


















. 5 3 3 3  
.O267 
. 0 5 3 3  
.08')0 
. I 0 6 7  
.1333 





. 5333  
.6bb7 
.so00 







. I 0 6 7  
. I 3 3 3  












. I067  
. I 3 3 3  
























. I 6 2 6  
. I 8 9 1  























. a 8 7 4  














. a 5 8  
. I762  
.1183 
.1410 
.e67  1 

































- 9 2 7 0  































. a 1 2 4  
. a 4 6 4  
.I272 





- 9 5 5 8  




















. a 1 4 3  
-0972 
.9986 
















































. 9 8 6 l  
.9761 
.9394 
- 9 1 3 0  
.e764 
.e512 
























. a 5 7 5  
.a436 
. I 2 7 4  






























































































2 * M e a s u r e d  by  1 - p s i  ( 6 8 9 5 - N l m  1 g a g e .  
17 
T A B L E  1 . -  T A B U L A T I O N  O F  PRESSURE MEASUREMENTS A T  Ma = 2 . 4 9  - C o n t i n u e d  















1 3  
1 4  










2 5 *  
26 
27 












4 0  
41 
42s 
4 3 t  
4 4  














6 0  
6 1  
62* 





6 8  
6 9  
70* 
71* 
7 2  
7 3  
56a 





















9 0  
9 0  
90 
9 0  
9 0  
90 
90  
9 0  
9 0  
9 0  
9 0  
9 0  

















2 2 5  
225 










































































. 5 3 3 3  
.0267 














































. l o 8 5  
. 9 4 5 8  
.9344 

































































































. 9 8 9 0  
.9852 
.9701 
























































. 0822  















. 9 2 5 8  
.6256 




















. 9 2 9 .  

































































































. E 4 8 5  











































* M e a s u r e d  b y  I - p s i  (6895-N/m2)  gage. 
18 
. - .... . . 
T A B L E  I . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  MW = 2 . 4 9  - C o n t i n u e d  













1 2  
13 






























































































































































































































. x o o  



















. 1 8 > 0  
.9364 
.7173 






























































































* M e a s u r e d  by l - p s i  ( 6 8 9 5 - N / m 2 )  g a g e .  

























































































































































































































































































































T A B L E  I . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  A T  M, = 2 . 4 9  - C o n t i n u e d  
( j )  M o d e l  10 














1 3  




I 8  
19 
20 
2 1  
22 







































6 2  
63 






7 0  
7 1  
7 2  





7 8  
79 






















































1 8 0  
1 8 0  
180 






























. I 3 3 3  
.I600 
.I867 




























































. I 3 3 3  
.la67 


































































































































































































































































































































.48 0 3  























































































































2 ' M e a s u r e d  b y  I - p s i  (6895-Nlm 1 g a g e .  
20 
T A B L E  I . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT Mm = 2 . 4 9  - C o n t i n u e d  













1 2  
13  




I 8  
I9 
20  
2 1  
?2* 
? 3t 
? 4  
2 5  
Z b  
27" 
1 8  
29* 
301. 
3 1 *  
1? 




3 7 t  
38' 
19 
L O  
41 
42' 
4 3  
4 4 6  
45" 
4b* 
4 7  




5 2  
53  
5 4  
5 5 r  
5 b  
5 7* 
5 81 
5 9 t  
bO 
b l  
b2 
b 3 t  
b4* 

























Y U  
9" 
Y U  
Y O  
Y U  
Y U  
7 U  
Y U  
Y O  
Y U  
96 
I > 5  
135 
1 3 5  
I O "  
16" 
I au  
l e u  




l b 0  
1 d J  
(23 
r r 2  
ri', 
1 7 J  
2 7" 
" 7 "  
c 7" 
2 7 u  
r' 70 
1 7 J  
2 7 9  
' 70 
2 70  
3 1 5  
31, 
315  




. 0800  . LO67 
. I 3 3 3  
. l 6 0 0  








. G O O 0  
.42b7 
.4533  
.4  R O O  . b400 
.7733 
. I 3 3 3  
.2bb7  
. 4000  
.02b7 
.0533 
. 0 8 0 0  . l o b 7  . I 3  13 
.I867 
. ?400  
, 1 9 3 3  . 3461  
. 4000  . b'r00 
.1713  
. I 3 3 3  




. i r b 7  
. 1 3  33 
. I  Rbl  
.?LOO 
. 1933  . 34b7 
. 4000  
. I  P11 
.?hb7 
. ? R O O  
. l o b 7  
. I 3 1 3  . 1,767 
.?COO 
. ?933  
.3401  
.'too0 
. I 3 3 3  
.2667  
.4000 













. E A 5 1  
. a397  
. I 2 4 8  . 1790  
. e976  
. % 9 4  
.9494 




. 0 5 7 0  
. n530  
.be79  
- 9 3 6 5  . 92  39 
. 7 4 5 v  
. l o 4 3  
.657b  
. b e 7 9  




. 9 2 4 7  . mco  
.988b 
-100 












. 0 4 4  7 
. a 0 1 0  













. '73 b5 
. RO77 
.7h79 
. 7 l R l  
. 7408  
. q R n b  
.q7RI 
.9h55 
- 8 8 6 0  
. a 5 1 9  
.a079 
.r(708 













. e 4 0 3  
- 8 0 2 3  
.7594 
.Ob32 
. o w 6  
. e 4 9 1  
. 9 9 3 1  
. 9919  
.q830 
.3109 





- 9 0 9 2  




2 7 4 1  








a t  a o f  - 
00 
- 9 9 9 1  













- 1 9 3 8  
. 1584  
.71R1 
.0467  
. 0 5 3 1  
. v797  
.919R 
.R203 
.99R? . ,498) 






. f i l l 4  
.n4 79  
. 9 R l l  
. 9?16  
. e194  
.V984 
.9971 
. " 9 3 0  






. R 2 1 V  
. S P O O  
.9?10 
. P 7 O h  
.qY71 
. - V I "  
. V R S l  
.979R 
.Vb09 
.93b l  
. S h R 5  
. e219  
.9795 
.920? 
. 8 2 1 Q  
. q 7 i n  
.9490 
.n547  
. w e 4  






- 9 1 0 8  
. e754  
.R565 
- 8 3 7 5  
. e l 7 3  
.7933 
.7bRO 

















I . 0017  
. v4c9  




. " w z  
. 9n15  
.qon7 
.0641 















. 054r  
. 7 4 ~  
.7075 
. h R  ' 6  
. Q 4 5 1  
. 94?b  
.93-0 
. a 5 5 4  
.e678 . 77R0 
."6b9 
.@5nb  
. ne*o  
- 9 5 7 6  
.9hQ0 
.9P54 







































































































3 1  
32; 
33 














4 8  
09 
50* 
5 1  











































































1 8 0  
180 
1 R O  
1 R O  
180 
1 8 0  



























































































































. 9488  
.9388 







































































































. 2 8 4 i  
.151i 

































































. 9 7 5 1  











. a 1 9 0  
.7535 
.2314 













. 9 2 2 4  
.Pa24 
. 8 1 9 2  
.6928 
.9762 























. a 9 9  
.857 


























. 0 8 3 i  
- 9 2 8 1  
.7416 
. 2 6 3 6  
.9952 
. 999c  
.9977 
.9233 






































































TABLE 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT M, = 2 . 4 9  - C o n t i n u e d  






5 1  
6: 
7; 




1 2  
1 3  
1 4  
1 5  
16 
1 7  
I 8  
1 9  
20  
2 1  
22 
2 3  
24 
25 
2 6 l  
27 
2 8  
29 
30 
3 1  
32* 










4 3  
4 4  
4 5 t  
46 











5 8  
598 
6 0  
6 1  
6 2  
6 3  





6 9 t  
70 
7 1  
72  
7 3  
14t 
1 5  
76 



























































1 R O  
2 2 5  
275 
225 






















. l o 6 7  
. I 3 3 3  . I600  


























. l o 6 7  

















- 1 0 5 3  ... .
. I 3 0 7  













. l o 5 3  
.1333 




























. I 7 2 5  
. I 8 3 8  















. 7424  
.+IO7 








- 4 0 7 1  











. I 5 5 0  
* M e a s u r e d  b y  1 - p s i  ( 6 8 9 5 - N / m 2 '  

















. I 8 1 4  
. I 3 4 8  
. I 4 2 4  







. E 8 3 1  





























. I288  
age.  
______ 


















. I 0 2 0  
. l o 7 1  


















































. e268  
.1763 








. 1 0 @ 4  




. 5 € l O  
.2684 






























- 8 7 3 1  







































































































































































































T A B L E  1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  AT Mm = 2 . 4 9  - C o n t i n u e d  
(n )  M o d e l  1 4  












1 1  
1 2  
13 
14 
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
2 2  
2 3  
24 
2 5  
26* 




3 1  
32* 
3 3  
35* 
36' 
3 7  
3 8  
3 9  
40 
4 1  
42 





4 8  
49 
S O  




I  5" 
56 
I7  
$ 8  
59 
> O *  
> 1  
> 2  









' 2  















































9 0  






1 1 5  
135  









1 8 0  



























. l o 6 7  
.1333 
.l6OO 
. I 8 6 7  
.2133 
.2400 












- 6 9 3 3  
. a 2 6 1  
.9600 






. 0 5 3 3  
.0800 
. I 0 6 7  















. a 2 6 1  
.0533 
.0800 
. I 0 6 1  
.1233 













. l o 6 7  
. I 3 3 3  





























- 1 8 1 7  












. I 3 3 7  
. 0820  
.0858 
.b410 
. 3 8 4 8  
.I880 








. 3810  



























- 4 2 8 9  
. 3 2 8 0  
. 2510  
.1766 
.1425 






































. I 8 7 8  
-50 
.994 
.999 '  















. 1 3 8 1  
. l o 8 5  
.1115 
. a 4 3 1  
.604?  
. I 6 3 4  
.9932 
.983 1 












. I 1 5 2  
~ 9 9 0 8  
- 9 6 9 3  







. l 1 2 6  
.9946 
.9858 







. I 5 9 4  
a t  a o f  - 
00 
.¶S6'  








.800 '  
.750- 
.102' 













































. a 0 2 1  
.5486 
. 2 9 t 3  
.1349 
.9575 













. 8 e i f  
.085e 






- 8 2 0 1  
.7763 
.1271 






. 3 t 5 5  
- 3 2 1 4  









. I 1 3 4  





- 5 4 5 7  
.4033 








- 9 9 6 8  










. a 3 9 3  
- 7 4 6 0  
.6440 
.5444 
- 7 4 6 0  
.4902 
. 2 5 9 3  
. I 1 0 9  
1 0 0  
.975 


















































































































- 1 8 0 4  
.a732 
' M e a s u r e d  by  1 - p s i  ( 6 8 9 5 - N / m  2 ) gage.  
24 
T A B L E  1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT Mm = 2 . 4 9  - C o n t i n u e d  









8 8  
9 
IO 
I 1  
12 
1 3  
1 4  
1 5  
1 6  
17 
1 8  
1 9  
20 
2 1  
22 








3 I*  
3 2 t  
3 3  
34 






4 1  
42 
4 3  
4 4  
45* 
4 6  
47" 
4 8 *  
49* 
50 
5 1  
52 












6 5  
6 6  
6 7  
68*  
6 9  
70 
7 1  

































9 0  
90  











1 8 0  
180  

























- 0 5 3 3  
-0800 










. 3 7 3 3  
.4000 













. l o 6 1  
. I 3 3 3  















. l o 6 7  
.1333 
. I 9 6 7  






























- 9 5 7 9  
.9415 
- 2 0 5 2  
.a950 
. e 6 9 8  
. a 3 8 3  































- 7 9 5 2  
.7422 
.6855 
- 9 3 2 5  
.a304 
.6351 
* M e a s u r e d  by 1 - p s i  ( 6 8 9 5 - N / m 2  











































































. a 8 8 7  
. e396  
. l a 4 1  
. 7 2 6 l  
. 6 l Z l  
.0568 
.Ob44 
































. a 5 5 0  
.a135 
. a 4 8 3  
. a218  
. 7 4 2 1  
.2070 






. 0644  
.9651 









. a 9 2 5  
.a432 




































. 9 e w  
- 
















- 0 4 9 1  






. a 8 6 3  . 8372 


















- 9 8 0 7  
. e 8 7 5  
. a 3 9 7  
- 7 8 4 3  
.7276 
. e 2 3 3  
- 6 7 7 3  
.5124 
_____ 








































































































T A B L E  I . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  A T  MoD = 2 . 4 9  - C o n t i n u e d  
( p )  M o d e l  1 6  
- 













1 2  
1 3  
1 4  
1 5  
I 6  
1 7  
1 5  
19 
2 0  
2 1  
22 
2 3  
2 4  
2 5% 
26 
2 7  
28 









3 8  
39  
40; 
4 1  
42  
4 3  
44 1 ::* 
47 
4 8 t  I 2;: 
5 1  
52 
5 3  
5 4  
558 
5 6  
57  
5 8  
59  
6 0  




6 5 t  
6 6  
6 7  
6 8  
6 9  
7 O r  
7 1  
72  
7 3  
7 4  
I 
L 













































































s I d  





. I 0 6 7  
. I 3 3 3  


















. I 3 3 3  
-2667  
.4000 




. O R 0 0  
.IO67 





























. l o 6 7  











* M e a s u r e d  by  1 - p s i  































. l o 9 9  
.5523 





















. I 3 1 1  

















. I 2 4 9  
. I337  


































. l o 7 2  
~~ 
- 5 0  
.990 1 














. I 6 8 9  
.0933 





. a 8 8 2  
.993 7 
.9819 



















































. I 3 3 5  





. l e 6 7  
.2609 







. E 8 8 1  
.E364 














. a361  
.7743 









. 9767  
.9645 
.9319 













. a582  











- 1 0 2 1  
-0504  

















































































































































T A B L E  I . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT MW = 2 . 4 9  - C o n t i n u e d  













1 2  















































































































1 8 0  





































































































































































































, p s i  ( 6 8 9 5 - N / m 2 )  gage .  
































































































































































































































































































* M e a s u r e d  b y  1 
27 
T A B L E  I . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 2 . 4 9  - C o n c l u d e d  













1 0  
11 
12 
1 3  
14 
1 5  
16 
1 7  
18 
1 9  
2 0  
2 1  
22 
2 3  
24 







3 2  
3 3  
3 4  
35 
4 2  I fi 
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
52 
I 5 3  
56: 
i 7 t  
5 8: 
5 9 c  1 i B  
6 3  
64  
6 5  
6 6  






7 7 t  
78 












































4 5  
45 
45 




















9 0  
90 





















. I 0 6 7  
. I 3 3 3  
. I 6 0 0  



















. 6 9 3 3  
.7200 
.7467 
3 7 3 3  . R O O 0  







. 1 3 3 3  


















. I 0 6 7  
.I333 


















. l o 6 7  

































. l a b 6  
.1790 
. I 8 2 8  
.1450 
. I866  
. I 8 4 1  













. I462  
.1509 

















































. I 1 4 8  
. I 4 5 0  
. I 5 5 1  












. I 2 8 6  
.1223 


















2 * M e a s u r e d  b y  1-psi ( 6 8 9 5 - N l m  ) g a g e .  
-50 















. 4 7 2 i  
.426C 
. 3 8 4 1  
. 344  1 
.305(  
.271C 




. 1 3 7 3  
. I 1 7 1  
- 1 0 7 1  
. l o 7 1  
-0945 
. l l l C  
. 1 3 2 ?  
. 1 1 4 7  
.9101 
- 8 4 3 2  
.7172 




- 3 2 6 5  
.2559 
.1941 
. I 4 4 9  
.lo71 
. l o 0 8  
. l o 5 2  
. l o 7 7  






- 3 6 2 5  
- 2 8 7 7  
. 2 2 4 3  
. I 6 6 1  
.1230 
.0913 





a t  a o f  - 
L 
00 












. t 6 2 '  












. l b 2 '  
. I371  
.115i 
.IO21 
. c e 5 .  
.oeo;  
. @ e l .  
.oe5 .  
. 0 8 5 #  













. l e35  
.121c 















. 2 8 8 3  
.2239 
. l b 5 7  
.1226 
.5 e74 
. o e ~ l i  
. o e s o  
.oe47 

































. I72  
. I 4 8  
.126 
. l o 8  
.090 
.076 
.063 '  
.059 
.Ob0 













. I376  
.099C 
.37OC 












. l 6 4 b  
























.20' . 18' 
.15. . 131 

















. 4 1 8  
.286 
.26R 







.a481 . 776, 
.6'J6l 
.521' 
. 4 3 4 1  
.352. 
. 2 8 l i  
.2191 
. l 6 2 i  . l20L 











.7091 . b66 
.619( 
















.066 '  
.0534 
.041t  
. 0 3 4 1  
.0316 




























. 2  167 . I639  
.1204 
.0587 









4 t  
5 





1 1  
1 2 1  
1 3  
14* 
1 5  
I 6 *  
1 7  
1 8  
1 9  
20 
2 1  
72 
2 3  
2 4  
25" 
26* 
2 7 6  














4 2 t  
4 3* 
44" 
4 5 1  
46. 
47n 
4 8 "  
49 
50  
5 1  
52 












6 5 1  
66* 
6 7 t  
68" 
6 9 1  
70. 
718  
7 2 t  
731  
74* 
T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT M, = 4 . 0 6  
( a )  M o d e l  1 




































4 5  
4 5  
45 
90  





9 0  
9 0  
90  
90  
9 9  



























. 0 5 3 3  
.0800 
. l o 6 7  
. I 3 3 3  
. I 6 0 0  



















. I 3 3 3  















. I 3 3 3  














. l o 6 7  
.1333 
.0267 
- 0 5 3 3  
. o s 3 3  
.IO67 
.1333 

































































. 0 2 R 4  
.a143 
.a143 




' M e a s u r e d  b y  l - p s i  (6895-Nlm 2 1 g a g e .  
- 5 0  
- 9 8 6 7  


















. o l e 3  





. a 1 6 3  























.e568 . l e 3 1  
.,I304 











. 1 1 " 3  
. c133  
. O I R 3  
. C 1 8 3  
.9964 
. 9 9 6 1  
.99 50 . E977 
.9913 
.9851 
. C l l '  
. 9 h 5 h  
. c 4 9 7  
.917? . P5'7 
. 0 3 ? 4  
. I l l ,??  






.9961 . 9961 
.9954 
.9940 
. 9 9 1 4  
. 5 1 4 4  
.9777 
.9659 . $5"1 
. w n s  
.n374 
. n i p 3  
. c n i  
.92no 
. $ e 5 3  
.9169 . C657 
.9484 






























- 9 8 3 7  
. > a 9 9  
~ 











































. 0 2 6 3  
.0163 
. 0 1 6 3  
- 0 1 5 3  
. 0 1 6 3  
.7644 
.02r4 














T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4.06  - C o n t i n u e d  
( b )  M o d e l  2 
Orific 
4 t  
6" I a: 
10: 
11 1 ;;. 







































6 0  
61; 






6 8  
6?t 
701 
7 1  
72 
L 
















































































































.6667 . ROO0 
.9333 















































. I 3 3 4  
.I354 





















. Q 5 4 1  
.e813 
.7681 


























































































- 1 1 3 2  











































































5 0  
.989 
.982' 

































































































































T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT Moo = 4 . 0 6  - C o n t i n u e d  


































3 3 *  


























6 0  
61 
62t 




6 7  




7 2  





































































































































































































' M e a s u r e d  by I - p s i  ( 6 8 9 5 - N / m 2 )  























































































































































































































































































T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Mol = 4 . 0 6  - C o n t i n u e d  


































3 8  
39 
4 0  
41 
4 2  
4 3  I 441 
4 5  
46 
47 




521 I 53* 
54* 
55 1 5:: 
596 
6 0  
6 1  
62 
6 3  











7 5  
76 
7 7  
7 8  
I 



















































































































































































































































































2 * M e a s u r e d  b y  I - p s i  ( 6 8 9 5 - N l m  1 g a g e .  

























































a t  a of - 
00 































































































































































































































































T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4 . 0 6  - C o n t i n u e d  
Irifice 
1 






































4 1  
4 1  
42 
4 3  







































































































































. 5333  


































. 2490  
.2933 











































































































































































































































































































































































































































- 3 3 3 3  
.1463 
.a528 
* M e a s u r e d  b y  I - p s i  ( 6 8 9 5 - N l m  2 1 g a g e .  
33 
T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  MOo = 4 . 0 6  - C o n t i n u e d  









7 *  
8t 
9 






































































































































































































































































' M e a s u r e d  b y  1 - p s i  ( 6 8 9 5 - N / m 2 )  g a g e .  
~~ 













































































































































































































T A B L E  1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  AT Mm = 4 . 0 6  - C o n t i n u e d  













1 2 *  
13 
14 
1 5  
16 
1 7  
1 8  
1 9  
20 







2 8  
? 9 *  
30 
















4 7  
48: 
4 9 r  
5 0 t  
511 
52 





5 8  
59  
6Ot 
6 1  
62f  








7 1  































































2 1 0  













. I 0 6 7  
. I 3 3 3  
. I 6 0 0  
. I867  











. 5333  
.6933 
-8267  






































. l o 6 7  
. I 3 3 3  
. I 8 6 7  
.2400 
. 2933  
.3467 
-4000 




















. I 3 8 4  
























. a825  
.I819 














. I 6 5 9  
.0936 


























. I532  
2 * M e a s u r e d  by  1 - p s i  ( 6 8 9 5 - N l m  1 g a g e .  
- 50 






















. e098  
.0995 








. 1619  
.7734 
. 0 8 h l  
. 9821  
.98?1  
.9783 
. a806  
.BO98 
.E519 






































. 8 1 2 4  
.0994 














. P a 5 9  
. e143  
.9799 
.9398 











. E 1 2 4  













. a459  
















. 0 4 2 1  
.0479 
.E289 







































































































T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4 . 0 6  - C o n t i n u e d  






























































6 0  






6 7  





7 3  



























































































































































































































































































































































































































































. 4812  














































































* M e a s u r e d  b y  1 - p s i  ( 6 8 9 5 - N / m z )  gage.  
36 
T A B L E  1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4 . 0 6  - C o n t i n u e d  






5 ;  
6* 
7* 







































4 1  
48 









5 8  
59* 
6 0  
6 1  
62 
6 3  







7 1  
72 




7 7  
78 





















































































. I 3 3 3  
.I600 























































































































































































































































































































































































. 5 3 8 1  
. E O 8 1  
.'+e32 
.le88 
. 0 5 0 8  



















































































































'Measured by 1 - p s i  (6895-N/mz)  g a g e .  
37 
T A B L E  1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4 . 0 6  - C o n t i n u e d  
































































b l  
52 
63 



































































































































































































. 3424  



































































. I 4 3 8  
.9578 

































































































































































































































. e 2 3 3  





























































































































l e a s u r e d  by  1 - p s i  ( 6 8 9 5 - N / m z )  g a g e .  
38 













1 2  
13  
I 4  
1 5  
16 
17  
I 8  
19 
2 0  
21  
228  









3 2  
3 3  
34 






4 1  
42* 




4 7  
4 8  




5 3  
5 4  
55" 
5 6  
57* 
5 8* 
5 9 1  
60  
6 1  
6 2  
6 3 %  
64% 
6 5  































9 0  
9 0  
9 0  
9 0  
90  
90  
1 3 5  
1 3 5  
1 3 5  
1 8 0  
180 





























- 1 0 6 7  
-1333 
- 1 6 0 0  
- 1 8 6 7  
.2133 
a 2 4 0 0  
- 2 6 6 7  






. 4 5 3 3  
.4800 








. l o 6 7  
. I 3 3 3  






. 7 7 3 3  






. I 0 6 7  
. I 3 3 3  











. l o 6 7  
. I 3 3 3  . I867  












- 9 9 9 0  
.9969 
.9909 
, 9 8 4 8  
- 9 7 4 6  
.958* 
, 9 4 2 1  
.9198 
.5893 
. a426  
. I 1 3 7  
, 1 3 2 0  
.e832 
.9299 












- 6 6 3 4  
.6166 
.6512 
. 9 3 4 0  
.9300 
.9198 
. a404  
.e058 
.7611 
. e 8 3 2  













. a 8 1 2  
.e466 





































. e 8 9 3  










1 . 1 5 5 1  
.a088 













. e 4 5 5  








. 9 8 4 8  
.9785 
.9698 
























. a 9 9 5  
1.1571 
.a129 













. a 5 5 7  
.a129 
.9801 








. 9 3 1 3  
.9005 




. e 1 4 9  
5 0  
- 9 9 2 8  
- 9 8 6 7  
- 9 7 6 6  
- 9 5 6 3  
.a974 
-8608 




- 7 5 3 2  
e7268 
.6964 
- 6 5 9 8  
. 0 3 8 6  
.0305 
- 7 6 3 4  
.9818 
- 9 8 6 7  
- 9 7 8 6  
- 8 8 9 3  
1.1510 
- 8 0 2 6  
- 0 4 2 8  
- 0 4 2 8  




- 9 3 9 1  
- 9 0 4 5  
- 8 6 1 7  
. a454  
- 9 9 2 1  
- 9 9 0 0  
.9778 
- 8 9 2 2  
. e 5 3 5  
. a 0 6 7  
e7680 






























- 9 9 2 1  
.9635 





















































' M e a s u r e d  by  l - p s i  ( 6 8 9 5 - N I m ' )  gage .  
39 
T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT Moo = 4 . 0 6  - C o n t i n u e d  
( 1 )  M o d e l  1 2  

































































8 *  
9 
10" 
1 1  
12 
1 3  
1 4  




1 9  
2 0  
2 1  
2 2  














































i 9  
IO 
I 1  
12: 






















































































. l o 6 7  
.1333 
.1600 

























. l o 6 7  
.1333 
















. l o 6 7  
. I 3 3 3  














. l e 6 7  
-2400 
. 2933  
.3467  
.4000 














































































. l o 1 9  
.0979 









































































. a669  
.6379  
























.9S l l  
.985 
.976' 



























































- 9 5 3 9  
.9223 
. a791  
.a137 
.6849  




5 0  
.9881 












































































































2 e a s u r e d  b y  1 - p s i  ( 6 8 9 5 - N l m  1 gaga .  
40 
T A B L E  1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  AT M m =  4 . 0 6  - C o n t i n u e d  













1 2  
13 
1 4  

































4 8  
49 
50" 




5 5  
56 
57 
5 8  
598 
6 0  
6 1  
6 2  
6 3  






7 0  
7 1  
7 2  




7 7  
7 8  













































1 3 5  
1 3 5  









l e 0  
180  
1 8 0  






















































































. O R 0 0  
.IO53 












































. 3 5 4 0  
. 0 5 4 8  
.7227 











































































































































at a o f  - 2 


















































































































. 5 4 8 1  
. 8 2 0 1  







. 9 m r  


















































































































T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT MW = 4 . 0 6  - C o n t i n u e d  












I 1  
1 2  
1 3  

















3 1  
32* 
33 



























6 1  
6 2  
6 3  
6 4  
65 
66; 




7 1  
72 
7 3  
7 4  
75* 
16 
7 1  
78 
79 






































9 0  
90 










1 3 5  
180 
1 R O  
1 8 0  
180 
180 





































































































































































































.4966 . I022 
























. 3 3 3 1  
.1471 
2 ' M e a s u r e d  b y  I - p s i  ( 6 8 9 5 - N l m  1 gage .  






























































































































































































































































































































T A B L E  1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  AT M o o =  4 . 0 6  - C o n t i n u e d  






































































6 9  
7 0  















































































.I333 . I600 
.I867 




























































































































































































































































































































































































































































2 ' M e a s u r e d  b y  1 - p s i  ( 6 8 9 5 - N l m  ) g a g e .  
43 
T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4 . 0 6  - C o n t i n u e d  













1 2  
13 
14 






2 1  
2 2  









3 2  
33* 





































7 1  
7 2  
73 
7 4  








































1 3 5  
135 
135 












2 2 5  
2 2 5  
2 2 5  














3 1 5  
315 
315 
















































































































































































































































a t  a o f  - 















































































































































































































































. .. - . ....... 1 
T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  Moo = 4.06 - C o n t i n u e d  












































4 3  





























































































































































































































































































































































. 3 8 1 5  
.3146 
.0589 




















































































- 4 2 8 0  
1.0007 
























































































































2 * M e a s u r e d  b y  1-psi ( 6 8 9 5 - N l m  ) g a g e .  
45 
T A B L E  1 1 . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  A T  M, = 4 . 0 6  - C o n c l u d e d  















1 2  
13 
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
22 
2 3  
2 4  
2 5  
26 
2 7  




3 2  
3 3  
34 






4 1  
4 2  
43 
44  
4 5  
46  




5 1  








6 0  































































4 5  
















9 0  
90 
9 0  
90 
90 
































. I 3 3 3  
.1600 




























1 ,0667  
.0267 
.a800 
- 1 3 3 3  



















. I 3 3 3  



















. I 3 3 3  
.0267 
.0533 
. O B 0 0  
. l o 6 7  
.1333. 
- 1 5 O  


























. l a 1 7  
. I532  
. I 4 3 0  
. I 409  
. l l 6 4  
. I368  
. I777  
. I 3 4 0  
.9743 
.9232 





















. I773  
































. I882  
.1597 
. I 3 7 1  
. I146  
. l o64  




























. I774  































. I 9 6 4  
. I678  
-1452  
. I207  






. I 4 1 2  
-0736  






















- 2 3 9 3  


















. 855  
.8 17  







. 4 3 5 '  
.392;  
-3471 
- 3 0 8 1  
.2691 
. 2 3 4 $  
.2041 
.175L 
. I491  
.126 t  













. E 5 3 8  



























































. 3 1 8 Z  
.2791 
.2451 
. 2 1 2 c  
.la21 
. I 561  
. I 3 3 1  
.1111 
. 091?  

















. I 9 6 7  
.1419 












- 2 9 5 3  
.2255 


































































. I 6 3 5  
.1156 































. 0 5 8 3  
.0312 






















































1 2 1  
13  
1 4 1  
1 5  
16; 
1 7  
18 
1 9  
20 
2 1  
22 
2 3  








3 2 1  








4 l *  
421; 
4 3 ;  
44* 
4 5 f  
468 
47* 
4 8 s  
4 9  
50  
5 1  





5 7 t  
5 8  





6 4 t  
6 5 t  
66* 
6 1 t  
68' 
6 9 t  





T A B L E  I l l . -  T A B U L A T I O N  O F  P R E S S U R E  M E A S U R E M E N T S  AT Mm = 4 . 6 3  
( a )  M o d e l  1 

























4 5  
4 5  
45 




4 5  
45 
45 














9 0  
00 




9 0  

























. I 3 3 3  
. I 6 0 0  



















. I 3 3 3  
- 1 8 6 7  
.2430 
.2933 






.7700  . .~  
.7733 
.0267 
. 0 5 3 3  
.0800 
.IO67 
. I 3 3 3  




















. I 3 3 3  
. I867  
.2400 
.2933 
- 3 4 6 7  
.4000 


















. I 1 9 0  
. I 3 4 0  
-1389 
. 8818  
.0397 




































































. 0148  
























- 7 7 7 6  
. 0 3 2 3  





























































. a 9 8 8  













. 0123  
. a417  
.9213 
.0123 

















. 0 1 4 8  
.0148 
. 0148  
. 0 1 4 8  





. 0 1 4 8  
. a 3 8 3  
.029€ 























. 0 2 7 3  
.0123 
-0150 
. 0 1 2 3  
.0123 
.a218 








T A B L E  1 1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  A T  Mm = 4 . 6 3  - C o n t i n u e d  




































































2 1  
22 



































5 8  
59 
.O 
5 l *  






















































































































































































































































. a 5 3 9  . 1369 
2 'Measured b y  I - p s i  ( 6 8 9 5 - N l m  1 gage .  










.840 ;  
-5861 






































































. 0543  













































. 8 2 2 t  
.7311 
-5351 













































































T A B L E  1 1 1 . -  T A B U L A T I O N  OF P R E S S U R E  M E A S U R E M E N T S  AT M- = 4 . 6 3  - C o n t i n u e d  











1 0 1  
11 
12  
1 3  
1 4  
15  
I 6  
17 
1 8  
1 9  
2 0  
2 1  
2 2  




2 7  







3 5  
36 
37  
3 8  
3 9  
4 0  
4 1  
42*  
43' 
4 4  
4 5  
4 6  
47 
4 8" 
4 9  
50* 
5 I* 
5 2 ;  
5 3  
5 4  
5 5  
56 .  
5 7 ;  
5 8  
5 9  
6 0  
6 1  
6 2 ;  
6 3  
64*  
6 5 1  
66* 
6 7  
68 
6 9  
70; 
7 1 8  

























4 5  
4 5  
4 5  
4 5  
9 0  
9 0  
90  
9 0  
9 0  
9 9  
9 0  
90  
9 0  
9 0  
9 0  
9 0  
9 0  
9 0  
1 3 5  
1 3 5  
1 3 5  
1 3 5  
180 
I R O  









2 2 5  
2 2 5  
2 2 5  
270 
270 
2 7 0  
270  




2 7 0  
2 7 0  
315  
3 1 5  
3 1 5  
3 1 5  
5 I d  
.oooo 
. 0267  
.0533  
.OB00 
. I 0 6 1  
. I 3 3 3  
. I 6 0 0  
. I 8 6 7  
.2133 












- 7 4 6 7  
. e800  
. I 3 3 3  
. 2b67  
.4000 




. l o 6 1  
. I 3 3 3  
. l a 6 7  
.2400 
. 2933  
.3467 
.4000 
. 5333  
.6667 






. O Z b 7  
. 0533  
.0970 
. l o b 7  
. I 3 3 3  
- 1 8 6 7  
. 2 4 3 0  






. 5333  
.0267 
- 0 5 3 3  
.0800 
. l o 6 7  
. I 3 3 3  
. l e 6 7  
.2400 
.2933 
3 4 6 7  
.4000 
















. 7235  
.6340 
. 5221  
.3307 
. 1765  
. I 2 6 8  
.I218 
. 7 2 8 4  
. 2760  




. 7 4 3 5  
.5733  . I 6 1 8  







. 9 2 0 6  
.1514  
. 5 5 2 3  







. 7 3 4 l  
.5733 
.7341 
. 2750  
2 * M e a s u r e d  b y  l - p s i  ( 6 8 9 5 - N I m  1 
-100 




























. 4 6 3 8  
. I 165  
.9602  
. 9602  
.9462 
.e01 7 
. 6136  











w e .  






































- 6 8 9 8  
.5057  
.5407  





























. 3005  
. I 6 3 9  
.0745 





. I 6 8 9  
.9786  
. 9 7 8 6  
. 9 e o 2  
.9761  
.9739 
. Q 6 3 1  
. 9 4 1 8  
.P942 















. e 5 6 4  
. 7 6 3 7  


















. 5 e 6 8  
. a 2 8 4  
. 5 w 1  
- 
50 
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Figure 1.- Model geometry. 
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Figure 5.- Effect of model geometry on  pressure distributions. M = 4.63; a = 15O. 
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Figure 6.- Effect of Mach number on pressure distributions. a = 8. 
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Figure 7.- Effect of Mach number o n  pressure distributions. a = 15'. 
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Figure 8.- Effect of model shape on circumferent ia l  pressure distributions. M,= 4.63: a = 15'; s/d = 0.4. 
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